The continuability, boundedness, monotonicity, and asymptotic properties of nonoscillatory solutions for a class of second-order nonlinear differential equations p t h x t f x t q t g x t are discussed without monotonicity assumption for function g. It is proved that all solutions can be extended to infinity, are eventually monotonic, and can be classified into disjoint classes that are fully characterized in terms of several integral conditions. Moreover, necessary and sufficient conditions for the existence of solutions in each class and for the boundedness of all solutions are established.
Introduction
This paper studies the continuability, boundedness, monotonicity, and asymptotic properties of nonoscillatory solutions for a class of second-order nonlinear differential equations p t h x t f x t q t g x t , t ≥ a. [16] [17] [18] . It is worth to point out that g r is assumed to be monotonic in most cited papers, but 2, 6 explain that this assumption does not hold in some applications. The aim of this paper is to investigate the continuability, boundedness, monotonicity, and asymptotic properties of nonoscillatory solutions of 1.1 without monotonic assumption for g. Some techniques and ideas have been used by the authors in 17 .
By solution of 1.1 , we mean a differentiable function x such that p t h x t f x t is differentiable and satisfies 1.1 on the maximum existence interval a, α x , α x ≤ ∞. A solution x of 1.1 is said to be eventually monotonic if there exists a t x ≥ a such that x is monotonic on t x , α x . In this paper, we consider only solutions that are not eventually identically equal to zero.
Throughout the paper, we always assume that H p t , q t : a, ∞ → R are continuous and p t > 0 and q t > 0;
h r : R → R is continuous and h r > 0; g r : R → R is continuous and rg r > 0 for r / 0; f r : R → R is continuous, increasing, and rf r > 0 for r / 0.
H1 There exists a constant M 1 > 0 such that
Remark 1.1. H1 holds for p-Laplacian operator; indeed,
However, there are nonlinear functions f that satisfy H1 but not 1.6 ; see 17 .
The paper is organized as follows: Section 1 briefly addresses the background and the motivation of the paper. Continuability, classification, and boundedness of solutions are discussed in Section 2. Sections 3 and 4 deal with the existence of class A and class B solutions, respectively. Finally, several remarks are provided in Section 5 to compare our results with existing ones.
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Continuability, Classification, and Boundedness of Solutions
In this section we discuss continuability, classification, and boundedness of solutions of 1.1 . First of all, we cite a result from 17 that will be used later on. x is defined on a, ∞ : x t x t < 0 for t ≥ a .
2.1
Next theorem establishes the continuability for all solutions of 1.1 , in other words, all solutions can be extended to a, ∞ . Proof. The proof is similar to that of Theorem 2.3 17 . We point out that as in the proof of Theorem 2.3 17 , for a class A solution x, we have
2.3
Remark 2.4. The function g r r sin r is not monotonic. Clearly, |g r | ≤ 2|r|, so g is bounded by an increasing function G r 2r. Therefore, the existing results which require the monotonic condition for g would not apply, but Theorem 2.3 does.
From Remark 2.2 and Theorem 2.3, all solutions of 1.1 can be classified further into four disjoint classes
2.4
We will show that the existence of solutions in each class and the boundedness of all solutions are fully characterized by means of convergence or divergence of the following integrals:
Theorem 2.5. Let (H2) and (H3) hold. Then all positive (negative) solutions of 1.1 are bounded if and only if
Proof. We consider positive solutions only since the case of negative solutions can be handled similarly. Necessity. Let x be a positive bounded class A solution. Then x t > 0 and x t > 0 for t ≥ b > a and lim t → ∞ x t l ∈ 0, ∞ . By the Extreme Value Theorem, we have L 1 : min x b ≤r≤l g r > 0. Hence
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Since x is continuous and bounded and h r is continuous, then h x t is bounded. Let
h x t ≤ K for t ∈ a, ∞ . Then Kp t f x t ≥ p t h x t f x t ≥ L 1 t b q s ds, K L 1 f x t ≥ 1 p t t b q s ds.
2.7
By H1 , we have
Integrating from b to t and letting t → ∞, we have
Sufficiency. We will prove by contradiction. Let x be a unbounded class A solution. Then x t > 0 and x t > 0 on b, ∞ , and there exists a real number d ≥ b such that x t ≥ m for d ≤ t < ∞. Similar to the proof of Theorem 2.3, we have
2.10
Letting t → ∞ and noting that x ∞ ∞, we have 
Class A Solutions
In this section, we consider the existence of class A b and class A ∞ solutions of 1.1 . The necessary and sufficient conditions for the existence of class A b solutions and the sufficient conditions for the existence of class A ∞ solutions are provided. Taking f −1 on both sides and applying H1 imply that
Sufficiency. Define Since J 1 < ∞, we may select a d ≥ a such that
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3.9
Hence, F 1 maps X into X. Now, we show that if x n , x * ∈ X and x n −x * → 0 as n → ∞, then
3.10
Note that
and that
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as n → ∞. Therefore, F 1 is continuous in X. Finally, we show the precompactness of F 1 X in CB d, ∞ , which means that for any sequence x n ∈ X, F 1 x n has a convergent subsequence in CB d, ∞ . This can be proved by showing that F 1 x n has a convergent subsequence in C b 1 , b 2 for any compact subinterval b 1 , b 2 of b, ∞ as well as the diagonal rule. In fact, F 1 x n is uniformly bounded on b 1 , b 2 . Since
3.14
By the Mean Value Theorem, we have
3.15
Then F 1 x n is uniformly bounded and equicontinuous in C b 1 , b 2 . So F 1 x n has a convergent subsequence in C b 1 , b 2 by Arzelà-Ascoli Theorem. Now all conditions of Schauder's fixed-point theorem are satisfied, so F 1 has a fixed point x in X, that is,
It is easy to verify that p t h x t f x t q t g x t . Hence, x is a positive A b solution of 1.1 . The proof is complete. 
Class B Solutions
In this section the existence of class B, B b , and B 0 solutions are discussed. We assume that 1.1 has a unique solution for any initial conditions x a x 0 / 0 and x a x 1 . 
